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M.SAbstract Introduction: CCSVI, has been recently hypothesized to play a role in the etiology of
MS. It can be reliably assessed using Doppler sonography by evaluating the extra cerebral venous
hemodynamics with changes in posture.
Aim of study: To evaluate the prevalence of CCSVI in patients with MS.
Patients and methods: A total of 60 patients were studied; (52) with relapsing–remitting MS, (4)
with primary progressive MS and (4) with secondary progressive MS. Sixty healthy age and
gender-matched controls were enrolled in this study.
Patients were subjected to full clinical history, neurological examination and Doppler ultrasound
assessment.
Results: CCSVI deﬁned as the presence of at least two positive venous hemodynamic criteria and
was present in 8 of the 60 MS patients (13%) and was not found at any of the 60 controls (0%).
Four patients showed the full 4 criteria for diagnosis while the other 4 patients only showed 2
criteria. CCSVI was noticed more to be frequent among SP and PP patients (25% and 25%
respectively) in respect of RR MS (50%) and showing high signiﬁcant value.
Conclusion: We conclude that CCSVI is an unlikely cause of MS and it is likely to be a late
secondary phenomenon.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The cerebral venous ﬂow distribution depends on posture and
CVP: in supine the internal jugular veins are the primarypathway. The internal jugular veins are collapsed in the stand-
ing position and blood is shunted to an alternative venous
pathway, but a marked increase in CVP while standing com-
pletely re-opens the jugular veins (1). Chronic cerebrospinal
venous insufﬁciency syndrome has been described only recent-
ly, it is characterized by stenosis of the internal jugular and/or
azygous veins with opening of collaterals and insufﬁcient
cerebrospinal venous drainage (2).
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sis’’ or ‘‘encephalomyelitis disseminata’’, is an inﬂammatory dis-
ease in which the fatty myelin sheaths around the axons of the
brain and spinal cord are damaged, leading to demyelination
and scarring as well as a broad spectrum of signs and symptoms
(3). Disease onset usually occurs in young adults, and it is more
common in women. It has a prevalence that ranges between 2
and 150 per 100,000 (4). It is hypothesized to be an autoimmune
condition in which the immune system attacks the central ner-
vous system (CNS), leading to demyelination. Neurons in both
the brain and spinal cord can be affected. Demyelination occurs
when a subset of lymphocytes, called T cells, get trapped in the
brain due to loss of integrity of the blood–brain barrier and
destroy oligodendrocytes, causing changes inmotor and sensory
functioning, as well as changes in cognition (5).2. Pathophysiology of cerebrospinal venous system and CCSVI
Blood leaves the brain because of the residual propulsion of
the arterial pressure, complemented by respiratory mechan-
isms. The latter consists of the thoracic pump, which produces
a negative intra-thoracic pressure during inspiration increasing
the aspiration of blood toward the right atrium. Changes in
posture and gravity play a main role in ensuring a correct
cerebral venous return (6).
In the horizontal position, the predominant cerebral venous
outﬂow is through the IJVs, whereas in the upright position
the vertebral veins (VVs) become the predominant pathway.
When the subject is upright there is a gradient of about
30 mmHg between the parenchymal veins and the jugular vein
at the base of the neck, and the hydrostatic pressure is
negative. In contrast when the subject lying supine there is a
redistribution of blood in the venous system due to the lack
of the hydrostatic gradient, and the IJV becomes enlarged (6).
CCSVI is characterized by stenoses of the internal jugular
and/or azygos veins which are shown by B-mode ultrasound
to be mostly intraluminal defects. These stenoses are associat-
ed with the development of collateral veins indicating insufﬁ-
cient drainage. Moreover, in course of CCSVI, no change in
dross sectional area (CSA) has been found passing from the
supine to the upright position, suggesting the obstruction of
the main outﬂow route and scarce ﬂow through the collaterals.
In some studies a paradoxical increased CSA of the IJV in
upright as compared to supine position was observed.
Moreover, the impairment in MS patients of the favorable
hydrostatic gradient in upright position has been measured
by Doppler ﬂowmetry. Possible causes include intraluminal
septum, membrane, and immobile valve affecting the hydro-
static pressure gradient in the upright position (6).
Recently, chronic cerebrospinal venous insufﬁciency
(CCSVI), a condition which may either be genetically deter-
mined or acquired, is characterized by multiple stenoses of
the extracranial venous draining pathways, i.e. the internal
jugular veins and the azygous veins, which lead to collateral
formation, alteration of the blood–brain barrier, and accumu-
lation of iron, which itself could trigger and maintain the
autoimmune cascade (7). The role for CCSVI in MS is consis-
tent not only with the well-known perivenular distribution of
MS lesion but also with recent studies that have found a cen-
tral vein in the long axis of inﬂammatory MS lesion using
ultrahigh ﬁeld MRI and abnormal high levels of iron identiﬁedwith susceptibility weighted MRI (7). The proposed link
between CCSVI and MS is sparking intense interest in the
MS community. There are documented testimonies by MS
patients who have gained improvement in their personal qual-
ity of life after the suggested endovascular treatment (8).
Based on ﬁndings using venous ultrasound and selective
venography studies of cerebrospinal veins, a hypothesis emerged
claiming to explain the association between cerebral veins and
the distribution of demyelinating MS lesions as a result of
chronically impaired venous drainage from the CNS (9).
Zamboni et al. (10) ﬁrst reported reﬂux from the chest into the
IJV using duplex scan during Valsalva maneuver inMS patients
and based on previous reports about the relationship between
dilated cerebral veins and inﬂammatory MS lesions, they
presented the hypothesis that there may be a role for the venous
system, following iron deposition in the pathogenesis of MS.3. Patients and methods
This observational case control study was conducted in Kasr
Al Aini hospital after the approval of the local ethical commit-
tee, Cairo, Egypt. A total of 60 patients were studied; (52)
patients with relapsing–remitting MS (RRMS), (4) patients
with primary progressive MS (PPMS) and (4) patients with
secondary progressive MS (SPMS).
Inclusion criteria include patients with multiple sclerosis
lesions with age ranging from 10 to 60 years while exclusion
criteria include subjects who had Behcet’s disease, vasculitis,
cerebral vascular malformations and congenital vascular mal-
formation, thrombosis of jugular veins, deep venous thrombo-
sis, central venous catheter, and previous head and neck
surgery as well as transient global amnesia.
All patients had clinically deﬁnite MS (CDMS) and were
diagnosed using the revised McDonald criteria 2010 (4). They
were recruited from the MS unit at the neurology department.
Another 60 healthy controls, well matched regarding age and
gender, were enrolled in this study. Patients were subjected
to the following:
1. Full medical history taking with special emphasis on
disease onset, duration and attacks of relapse.
2. Full neurological assessment.
3. Doppler Ultrasound assessment: All of the studied
subjects underwent color-coded sonographic evalua-
tion of extracranial veins for bilateral jugular veins
assessment at (KasrAlaini ultrasound and Doppler
unit). An 8.0 MHz linear probe was used (GE
LogiqP6)163214SU0.
4. The procedure includes the following:
1. The patient lye ﬂat (zero degrees) on bed to exam-
ine the Internal Jugular vein throughout its length
by B-mode Ultrasound, measure the cross-
sectional size of the jugular vein for comparison
to the ninety degree measurement.
2. Using color Duplex examine we examined the
patients for the presence of spontaneous ﬂow
and/or venous reﬂux in the internal jugular. The
assessment of ﬂow direction is performed in the
transverse plane with color Doppler.
3. Assess the Deep Cerebral veins (DCVs) and
vertebral veins.
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amine the Deep Cerebral Veins, Internal Jugular
vein for cross-sectional measurement, and the
Internal Jugular and Vertebral veins for assess-
ment of spontaneous ﬂow, or venous reﬂux and/
or blockage.
Velocity of extracranial veins was recorded. The diameter
of bilateral internal jugular veins was also measured using B
mode imaging in horizontal plane with special attention not
to compress the veins by the probe. The mentioned indices
were measured in patients in supine and upright positions,
on an identical point and the differences between these 2 mea-
sures were calculated. Cerebrospinal venous return was also
assessed in subjects while they were positioned on a tilt bed.
The blood ﬂow to the opposite of physiologic direction for
more than 0.88 s in extracranial veins was considered as reﬂux
in the subjects. To decrease interpersonal measurement errors;
one person performed all of the assessments (2).
If there was a signiﬁcant respiratory variation in the blood
ﬂow velocity and the diameter in the assessed veins within sub-
jects, the patient was asked to hold his breath for a short time
after a normal exhalation, and the assessments were performed
in these breathless times. The vein caliber less than 0.3 cm2 in
supine position was considered stenosis.
The Doppler protocol consisted of measuring ﬂow direction
in both Internal Jugular Veins (IJVs), visual assessment of
IJVs for stenosis, valve abnormalities and septa on B mode
imaging and measuring the cross-sectional area (CSA) of the
IJVs in the recumbent and supine position.
Four parameters of abnormal venous ﬂow were assessed
and adopted criteria of Zamboni et al. (10): The presence of
2 or more of the following criteria was known as CCSVI in
studied patients:
1. A reﬂux in right or left internal jugular veins. Flow
characteristics of both IJVs were investigated in 0
supine followed by 90 degree upright sitting positions.Table 1 Comparison of blood ﬂow velocities (BFV) and cross-sec
groups.
Case (n= 60)
BFV RT IJV SUPINE 30.3 ± 18.3
BFV RT IJV STAND 31.0 ± 17.0
BFV LT IJV SUPINE 30.9 ± 19.4
BFV LT IJV STAND 33.3 ± 14.9
CSA RT IJV SUPINE 1.1 ± 0.9
CSA RT IJV STAND 0.2 ± 0.3
CSA LT IJV SUPINE 0.9 ± 0.6
CSA LT IJV STAND 0.3 ± 0.5
p< 0.05 = signiﬁcant.
p< 0.01 = highly signiﬁcant.Reﬂux in any vein > 0.88 s was considered patho-
logical. Data were recorded during a period of apnea
following normal exhalation.
2. An evidence of internal jugular vein stenosis. The nar-
rowest venous cross-sectional area (VCSA) in the acces-
sible parts of the IJVwasmeasured in a transversal plane
in supine position. VCSA < 0.3 cm2 indicated stenosis.
3. Doppler detected ﬂow in the IJV, and Flow in both IJV
was assessed in supine and upright positions. Lack of
Doppler-detectable ﬂow despite numerous deep inspi-
rations following a detectable lumen was considered
pathological.
4. Increase in the diameter of internal jugular vein in the
sitting position, rather than decreasing a positive value
indicated loss of postural control of the predominant
outﬂow route in the supine position.
Statistical analysis: Data were collected and statistically
analyzed using Statistical Package for the Social Sciences
(SPSS) version (11). Quantitative data were expressed as
mean and standard deviation (mean ± SD). Qualitative data
were expressed as number and percentage. Unpaired t-test
was used to compare a quantitative variable between two
independent groups in parametric data. Paired t-test was used
to compare a quantitative variable between two dependent
groups in parametric data. Pearson correlation coefﬁcient
(r) was used to correlate between many variable groups.
Levels of statistical signiﬁcance were set as the following:
p> 0.05 was considered as non-signiﬁcant, p 6 0.05 as
signiﬁcant and p 6 0.01 as highly signiﬁcant.
4. Results
The study was conducted as a case control study on 60 MS
patients 12 males and 48 females, their ages had a mean of
31.2 ± 9.9. Sixty well matched controls regarding age and
gender were also enrolled. The disease duration had a mean
of 5.6 ± 5.2 years and the Expanded Disability Scale System
(EDSS) had a mean of 3.1 ± 1.4.tional vessel areas (CSA) between the studied M.S and control
Control (n= 60) P value
33.6 ± 17.8 0.3
NS
38.0 ± 18.7 0.04
S
33.6 ± 18.7 0.4
NS
37.8 ± 14.9 0.1
NS
1.1 ± 0.8 0.8
NS
0.3 ± 0.3 0.4
NS
1.0 ± 0.6 0.4
NS
0.4 ± 0.5 0.7
NS
Table 2 Comparison between case & control regarding
CCSVI criteria.
Case (n= 60) Control (n= 60) P value
N % N %
IJV reﬂux
Positive 6 10.0 0 0.0 0.03
Negative 54 90.0 60 100.0 S
Absent Doppler ﬂow
Positive 6 10.0 0 0.0 0.03
Negative 54 90.0 60 100.0 S
IJV stenosis B mode
Positive 6 10.0 0 0.0 0.03
Negative 54 90.0 60 100.0 S
Reversed postural outﬂow
Positive 6 10.0 2 3.3 0.3
Negative 54 90.0 58 96.7 NS
CCSVI
Yes 8 13.3 0 0.0 0.006
No 52 86.7 60 100.0 HS
p< 0.05 = signiﬁcant.
p< 0.01 = highly signiﬁcant.
Table 3 Relation between CCSVI and MS type among the
studied group.
CCSVI No CCSVI P value
N % N %
RR 4 50 48 92.0 0.005 HS
PP 2 25 2 3.8
SP 2 25 2 3.8
RR: relapsing remittent multiple sclerosis.
PP: primary progressive multiple sclerosis.
SP: secondary progressive multiple sclerosis.
p< 0.05 = signiﬁcant.
p< 0.01 = highly signiﬁcant.




MS type RR 2.7
PP 5.5
SP 5.3
IJV reﬂux +ve 4.5
ve 2.9
Absent ﬂow +ve 4.5
ve 2.9
IJV stenosis +ve 6.0
ve 2.7
Reversed ﬂow +ve 6.0
ve 2.7
p< 0.05 = signiﬁcant.
p< 0.01 = highly signiﬁcant.
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sectional vessel areas (CSA) between the studied M.S and con-
trol groups, the only signiﬁcance was the decreased mean of
blood ﬂow velocities of the right internal jugular vein in the
standing position in MS patients compared to the control
groups otherwise no signiﬁcant differences were recorded
regarding the mean cross-sectional area and the rest of the
blood ﬂow velocities of the IJVs in both groups (Table 1).
A highly signiﬁcant association between the CCSVI and
MS patients was found. CCSVI deﬁned as the presence of at
least two positive venous hemodynamic criteria and was
present in 8 of the 60 MS patients (13%) and was not found
at any of the 60 controls (0%).
Four cases fulﬁlled the 4 searched for criteria which is
criterion I, reﬂux in the IJV and/or VVs in sitting and supine
posture, criterion II, high-resolution B-mode evidence of IJV
stenosis, criterion III, reverted postural control of the main
cerebral venous outﬂow pathway and; criterion IV, ﬂow not
Doppler detectable in the IJVs and/or VVs.
The other four patients fulﬁlled only 2 criteria which were
criterion III, high-resolution B-mode evidence of IJV stenosis,
criterion III, reverted postural control of the main cerebral
venous in two of them and the other two showed criterion I,
reﬂux in the IJV and/or VVs in sitting and supine posture
and criterion IV, ﬂow not Doppler detectable in the IJVs
and/or VVs (Table 2).
CCSVI was noticed more to be frequent among SP and PP
patients (25% and 25% respectively) in respect of RR MS
(50%) and showing high signiﬁcant value (Table 3).
The mean EDSS score is increased among the PP and SP
patients with high signiﬁcance in relation to the RR. The mean
EDSS is also noticed to be increased in type IV criteria (absent
Doppler ﬂow) and type V criteria (loss of postural reﬂex) with
high signiﬁcant value (Table 4).
5. Discussion
Zamboni et al. reported that almost all patients with multiple
sclerosis can be found to have venous abnormalities in thestudies group.














Fig. 1 Color Doppler US: (A) and (B) Loss of postural control in the left IJV being increased from (1.24 cm2) to (1.46 cm2). (C) Shows
the Left IJV reﬂux >0.88 s recorded in the supine position with proximal stenosis noticed during examination. (D) MRV conﬁrmed the
presence of proximal stenosis within the left IJV.
Evaluating prevalence of CCSVI in patients with MS 445main veins draining the brain and spinal cord, i.e., the internal
jugular veins (IJVs) and the azygos vein. They called this syn-
drome, which was not present in healthy controls, chronic
cerebrospinal venous insufﬁciency (CCSVI). They also stated
that such a venous pathology may have a primary role in ini-
tiating multiple sclerosis, through iron toxicity, chronic ische-
mia of the brain, or another as yet undiscovered pathway (12).
CCSVI was initially deﬁned as a clinical syndrome compris-
ing stenoses of the internal jugular and/or azygos veins,
characterized by collateral venous outﬂows and reduced
cerebral blood ﬂow, and was found primarily in patients with
multiple sclerosis. However, the published evidence on CCSVI
is very discordant (13).
The prevalence of these lesions was over 50%, and even
higher (about 90%) when more liberal deﬁnition of an abnor-
mality or intravascular sonography was used. Further, the
results of magnetic resonance venography studies have beenquite consistent, in that stenoses of the internal jugular veins
have been found in 25–70% of patients with multiple sclerosis.
In contrast, Doppler sonography studies have revealed CCSVI
in 0–100% of patients. The research is currently suggesting
that CCSVI is not a single entity, but rather a group of differ-
ent anatomic and functional venous abnormalities (13).
The proposed link between CCSVI and MS is sparking
intense interest in the MS community. It was found that
venous angioplasty and stenting reduced the frequency of
chronic fatigue in MS patients and, therefore, chronic fatigue
was a likely consequence of CCSVI (14).
In this study the mean age of the patients was 31.2 years
(standard deviation [SD], 9.9 years). 52 of 60 patients had
relapsing–remitting MS (RRMS), 4 of 60 had primary progres-
sive MS (PPMS) and 4 of 60 patients had a secondary progres-
sive MS (SPMS). The degree of disability was assessed using
the expanded disability status score scale prior to ultrasound
Fig. 2 (A) Left IJV sonography (B) neck MR venography; Left IJV lower segment endoluminal web (arrow) inducing venous
obstruction.
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[SD] 1.4) with the mean disease duration was 5.6 (standard
deviation [SD] 5.2). Reﬂux was consistently present in the
IJV in 10% of the MS cases and none of the controls. Similarly
there was high resolution B mode evidence of IJV stenosis in
10% of MS cases and 0% of controls. The stenosis consisted
of atresia mainly and abnormal valve but no twisting. The
IJV were stenosed unilaterally in MS cases with CCSVI while
Yamout et al. (11) found only 3/42 patients that had two vessel
stenosis and the rest had only one vessel involved. The Dop-
pler could not detect ﬂow in the IJVs (despite numerous deep
inspirations at both 0 and 90) in 10% Of MS patients but
again not any of the controls.
The DCSA of IJV typically decreases when changing the
position from supine to sitting as subtracting the former from
the latter yields a positive value; this is because the vein col-
lapses partially. Our study results are in accordance with
Doepp et al. (9) and Mehrpour et al. (15). In our study 10%
of MS cases had a negative value versus 3.3% of the control
population whereas we found 96.7% of the control has posi-
tive value and this is matching with Monti et al. (16) as they
found the value of DCSA to be positive in 96.3% of the healthy
subjects.
Furthermore we noticed that CCSVI was more frequent in
patients with progressive MS than in patients with RRMS and
in patients with higher EDSS scores, which is in line with
Zivadinov et al. (17), who also noted the greatest prevalence
of CCSVI in progressive forms of MS.
We also detected the blood ﬂow using Doppler in all of the
MS patients with a direction toward the heart. We found that
there is signiﬁcant decrease in the mean of blood ﬂow velocities
of the right internal jugular vein in the standing position in MS
patients compared to the control groups.
In agreement with Zivadinov et al. (17) we observed a high-
er frequency of CCSVI among MS patients in respect ofthe
control population. Also in our study, CCSVI was signiﬁcantly
more frequent among MS patients with higher EDSS score
and more progressive form of the disease, which is in line with
Zamboni et al. (10). These results are in agreement with recent-
ly published studies that have also found a higher prevalence
of CCSVI only in more advanced disease (7,11,15,17), also in
a limited proportion of patients with CIS, supporting thehypothesis that CCSVI could be subsequent to the MS onset
(17). However, our data, do not conﬁrm a cause-effect rela-
tionship between CCVSI and MS but suggesting that CCSVI
is a consequence rather than the cause of MS. only 8 (13%)
had a venous pattern suggestive of CCSVI (see Figs. 1 and 2).
6. Conclusion
We conclude that CCSVI is an unlikely cause of MS and it is
likely to be a late secondary phenomenon. Since it is not pre-
sent in most of the MS patients. In this study, our observations
employed a signiﬁcant difference exists in the prevalence of
CCSVI between MS and healthy controls however it revealed
that CCSVI is an infrequent condition in MS. Hence, we do
not support a cause-effect relationship between CCSVI and
MS which imply that altered venous hemodynamics plays a
causative role in the pathogenesis of multiple sclerosis.
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